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Abstract
A smooth-surface provisional restoration is necessary to reduce biofilm adhesion, periodontal
inflammation, caries formation, discoloration, and wear.
This study evaluated the surface topography and roughness of a bis-acryl resin (Luxatemp), a semipermanent composite resin (Luxacrown), a CAD/CAM composite block (Luxacam), and a polymethyl
methacrylate block (Telio CAD) when polished with different protocols.
A total of thirty-six specimens were fabricated, and finished with 320-grit silicon carbide abrasive papers
to simulate clinical finishing. Nine specimens for each material were divided into unpolished (control),
2-step, and 3-step polishing groups. Two-step polishing consisted of a gray polisher and a goat hair
chamois brush. Three-step method included the addition of a felt cloth wheel buff and composite
polishing paste (Brasseler USA). Surface roughness was determined at 3 data points per polished surface
using a noncontact 3D optical profiler (Zygo NewView 7300). In addition, surface topography was
visualized under SEM and profiler images were obtained. Data was analyzed with 2-way ANOVA (P
Statistically significant differences were noted between control and 2-step group (P=0.025), and between
control and 3-step group (P=0). There was no statistically significant difference between 2- and 3-step
groups (P=0.414) when control group data was included. Mean Ra values were highest in the control and
lowest in 3-step group. Materials exhibited statistically significant influence in the control but not in 2-step
and 3-step groups. Direct comparison of 2-step and 3- step groups revealed statistically lower roughness
values for the latter, except for Telio CAD, which showed a smoother surface with the 2-step protocol
(P=0.018).
The Ra values were clinically acceptable (
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Abstract
A smooth-surface provisional restoration is necessary to reduce biofilm adhesion, periodontal
inflammation, caries formation, discoloration, and wear.
This study evaluated the surface topography and roughness of a bis-acryl resin (Luxatemp), a semipermanent composite resin (Luxacrown), a CAD/CAM composite block (Luxacam), and a
polymethyl methacrylate block (Telio CAD) when polished with different protocols.
A total of thirty-six specimens were fabricated, and finished with 320-grit silicon carbide abrasive
papers to simulate clinical finishing. Nine specimens for each material were divided into
unpolished (control), 2-step, and 3-step polishing groups. Two-step polishing consisted of a gray
polisher and a goat hair chamois brush. Three-step method included the addition of a felt cloth
wheel buff and composite polishing paste (Brasseler USA). Surface roughness was determined at
3 data points per polished surface using a noncontact 3D optical profiler (Zygo NewView 7300).
In addition, surface topography was visualized under SEM and profiler images were obtained.
Data was analyzed with 2-way ANOVA (P<0.05).
Statistically significant differences were noted between control and 2-step group (P=0.025), and
between control and 3-step group (P=0). There was no statistically significant difference between
2- and 3-step groups (P=0.414) when control group data was included. Mean Ra values were
highest in the control and lowest in 3-step group. Materials exhibited statistically significant
influence in the control but not in 2-step and 3-step groups. Direct comparison of 2-step and 3step groups revealed statistically lower roughness values for the latter, except for Telio CAD,
which showed a smoother surface with the 2-step protocol (P=0.018).
The Ra values were clinically acceptable (<0.20 μm) in all groups except the control. The mean
surface roughness Ra values were 0.569 μm for the control group, 0.109 μm for the 2-step
polishing, and 0.084 μm for the 3-step polishing. Direct comparison between the 2-step and 3-step
protocols showed statistically significantly smoother surface with the 3-step method. Polishing
provisional and semi-permanent bis-acryl materials with a 3-step protocol provides smoother
surfaces, which may further enhance oral hygiene, esthetics, and oral function. For a polymethyl
methacrylate material, 2-step polishing resulted in lower surface roughness.
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1. Literature review
Provisional restorations
Provisional restorations are essential in fixed prosthodontics for various reasons such as function,
esthetics, comfort, diagnosis, pulpal protection, thermal insulation, protection of the finish line,
facilitation of oral hygiene, prevention of periodontal problems, maintenance of adequate
occlusion, and stabilization against undesired tooth movements.

1, 2, 3

They simulate the final

restorations in many aspects such as contour, function, appearance, occlusion, color, and
adaptation. These restorations can be fabricated via the direct, indirect, or indirect-direct
techniques. Polymerization methods include autopolymerization, light polymerization, and dual
polymerization. Provisionals may be worn for a short or long period of time. Extended use of
provisional restorations may be necessary in clinical situations such as those involving extensive
oral rehabilitations and implant restorations, as well as multidisciplinary treatments combined with
orthodontics, periodontics, oral surgery, or endodontics.42,

43

Long-term exposure to various

mechanical, chemical and biological factors in the oral environment leads to increased
discoloration and roughness.25 According to Borchers et al., when longer periods of service are
intended, plaque prevention becomes increasingly important and more effective polishing of the
interim restoration is necessary.23
Types of provisional materials
Provisional materials have significantly evolved since the 1930s. Nowadays, with the development
of new dental materials, clinicians have a variety of options for the fabrication of provisional
restorations. Examples of materials available include polymethyl methacrylate (PMMA),
polyethyl methacrylate (PEMA), polyvinyl ethyl methacrylate (PVMA), bis-acryl composite resin,
composite resin, urethane dimethacrylate (UDMA), bisphenol glycidyl methacrylate (bis-GMA).
4, 6

Polymethyl methacrylate and bis-acryl resins are the most commonly used materials. From a
historical view, the oldest materials still in use today are the acrylic resins. For several decades,
polymethyl methacrylates have been considered as the standard.4 Their advantages include low
cost, high strength, polishability, color stability, as well as easy repair, reline, and adjustments.
6

Disadvantages of these materials include high exothermic reaction which may traumatize the pulp,
release of residual monomers causing tissue damage and 20% incidence of allergic sensitivity,
relatively high polymerization shrinkage, objectionable odor, and potential variations when hand
mixing powder and liquid.36, 45 PMMA is often the preferred material when relatively long-span
or long-term service is intended.5
The development of bis-acryl materials, which are self-cured composites, prevented some of these
challenges. Bisphenol A glycidyl methacrylate (Bis-GMA) was developed by Bowen in the 1960s,
and is commonly included as the backbone in bis-acryls. The easier handling, low exotherm during
setting, convenient syringe application, decreased polymerization shrinkage, absence of residual
monomer, and less odorous smell contributed to their popularity.4 Some studies reported superior
mechanical performance of bis-acryl resins in comparison to conventional PMMA acrylic resins,
with respect to properties such as higher wear resistance and elastic modulus20. However, the
increased cost, brittleness, and low resistance to deformation of bis-acryls need to be taken into
consideration when selecting a material.5, 46 Although bis-acryls break relatively easily in the
presence of increased stresses,73 repair may be facilitated using the same material, as well as
traditional or flowable composites.74
Acrylic restorations are traditionally fabricated by handmixing a powder and a liquid, while bisacrylic restorations typically involve automixing and injection through a syringe. Recently,
advancements in CAD/CAM technology allowed milling of provisional restorations with PMMA
or bis-acryl composite blocks.
Ra as parameter for roughness
As a commonly used parameter for roughness, Ra is meaningful for measuring polished surfaces.13
Based on ISO 4287, Ra is defined as the arithmetic mean deviation of the roughness profile defined
on the sampling length. A mean represents the average of a set of values. It is calculated by
summing the data and dividing by the number of points. It is often quoted along with the standard
deviation, with the mean describing the central location of the data and the standard deviation
describing the spread. The Ra value does not indicate the spatial frequency of the irregularities or
the shape of the profile.
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Importance of polishing
Finishing of a restoration is defined as the refinement of form prior to polishing.76 It involves the
removal of irregularities, margination, definition of anatomic contours, and smoothening of the
surface.32 Polishing is defined as the act or process of making a restoration smooth and glossy.76
This process consists of creating a homogeneous surface by removing minor scratches and
obtaining a light-reflective luster.32 A recent systematic review by Dutra et al72 concluded that
finishing invariably generates a rougher surface and should always be followed by polishing.
Reasons for careful finishing and polishing include the following77:
1) Removal of excess flash and refinement of restoration margins
2) Reduction of risk of fracture associated with rough surfaces
3) Reduction of surface imperfections, thereby reducing the surface area and the risk of
surface breakdown
4) Production of a smooth surface that decreases plaque retention
5) Improvement of function and mastication by facilitating sliding of food over polished
surfaces
6) Creation of smooth surfaces for oral hygiene procedures on all surfaces
7) Production of smooth contacts, reducing wear on opposing and adjacent teeth
8) Production of a more esthetic, light-reflecting restoration
According to studies, in addition to improving esthetics, a smooth provisional restoration
minimizes surface breakdown, wear and abrasion of opposing dentition, adhesion of color particles
associated with discoloration, as well as sensation of foreign body in the mouth8, 32, 29, 30, 57, 75
Studies have demonstrated a strong correlation between color change and surface roughness.25, 35,
68

Mickeviciute et al reported that all polished provisional materials, except those involving hot

polymerization, showed better color stability than those that were unpolished.37
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Surface roughness threshold
Many species of microorganisms are present in the oral environment. Microorganisms such as
Streptococcus mutans and Lactobacillus species play an important role in the pathogenesis of
caries.69,

70

Other bacteria such as Actinobacillus actinomycetemcomitans and Porphymonas

gingivalis are associated with periodontitis. A common limitation of most of these bacteria is that
they can only survive by adhering to hard, non-shedding surfaces, such as teeth, restorative
materials and prostheses.6 Surface roughness was shown to be a dominant characteristic that affect
the adhesion of microorganisms.38, 39 Quirynen et al demonstrated that an increase in resin surface
roughness above 0.2 𝜇m significantly increased bacterial colonization compared to Ra values of
0.12 𝜇m, while changes in surface free energy showed minimal impact. It was concluded that an
increase in surface roughness promoted biofilm adherence, leading to more rapid colonization and
higher degree of plaque maturation.10 Subsequent in vivo studies demonstrated that only a
minimum Ra value of 0.2 𝜇m had a significant effect on the rate of plaque formation.17, 21 Below
this 0.2 𝜇m threshold Ra for bacterial retention, no further reduction in bacterial accumulation can
be observed. An increase in surface roughness value above this threshold resulted in a
simultaneous increase in plaque accumulation, which increased the risk for caries and periodontal
disease.6, 15-17 These findings, along with Bollen’s extensive review on the topic and evidence from
the theory of bacterial adhesion and retention, led to the establishment of a clinically acceptable
threshold Ra value of 0.2 𝜇m for a hard surface in the oral environment.6
A direct relationship between surface roughness and biofilm accumulation on provisional
restorations was confirmed by a number of studies. 5, 22, 23, 39-41 Aykent et al9 showed that a positive
correlation was observed between surface roughness and vital S. mutans adhesion. Rough surfaces
allow plaque maturation within several days of plaque formation. This more mature plaque
demonstrated a higher proportion of motile microorganisms and spirochetes, characterized by an
increase in bleeding index, crevicular fluid production and histologically inflamed tissue.10, 39 It is
well known that plaque is an important etiologic factor for caries and periodontal disease. 30, 39 The
consequences of rough surfaces become even more significant with inadequate oral hygiene and
long-term use of provisionals.44 Therefore, a highly polished provisional restoration, ideally with
a Ra value below 0.2 𝜇m, is essential to minimize plaque formation, while reducing the risk of
periodontal inflammation and caries formation.
9

Previous roughness studies
Results from surface roughness studies of provisional materials vary greatly in the literature. A
recent systematic review concluded that the range of Ra among different polishing methods is wide
and material dependent. Each material requires its own treatment modality to create an optimally
smooth surface.72 Reported roughness values of provisional materials vary significantly, ranging
from 0.14 to 1.98 µm for acrylic resins, and from 0.07 to 1.27 µm for bis-acryl resins.20 It can be
noted that variations exist between and within the same class of materials. Different polishing
methods such as chairside abrasive or silicone tips, brushes, as well as use of pastes and surface
sealants, have been investigated. The choice of provisional material and polishing method remains
controversial.
Use of optical non-contact 3D profiler
Upon extensive review of the literature, all relevant previous studies, except a recent one by Soares
et al20, measured surface roughness using 2D mechanical profilometers which required contact
with the specimens. Contact profilometry depends on the radius and angle of the mechanical
profilometer tip, and determines the smallest width and height of the pits that the tip can enter.
This may result in inaccuracies, as well as damage or wear of the specimens during testing.20
Hooper et al showed that on average, 0.5 µm of hard tissue was lost when using a contact
profilometer.65 When put in the context of investigations related to the clinically acceptable Ra of
0.2 µm mentioned above, this amount of surface structure loss can significantly affect the results.
In the present study, a noncontact 3D optical surface profiler (NewView 7300; Zygo) was used.
This interferometer is a powerful tool for characterizing and quantifying surface roughness, step
heights, critical dimensions, and other topographical features with high precision and accuracy.
All non-contact 3D topography measurements in this study are nondestructive, with a vertical
resolution of 0.1nm. Profile heights range from < 1 nm up to 20000 µm at high speeds, and a
variety of high-quality optical imaging can be obtained. Depending on the objective selected, the
lateral resolution is approximately 500 nm and the field of view ranges from 500 µm to 9.5 mm.
Various combinations of objectives and zoom lenses are available. Upon careful evaluation and
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trials, it was determined that the 20x objective and 1x zoom lens were most appropriate for this
study.
Polishing techniques
The effectiveness of a polishing method and the resultant restoration surface roughness are
determined by the following factors: structural and mechanical properties of the substrate being
polished, difference in hardness between the substrate and polisher, characteristics of the abrasive
in the polishing device, physical properties of the substance involved in carrying the abrasive,
speed and pressure applied when polishing, and lubrication during application of the abrasive.78
Various techniques have been documented to finish and polish provisional materials.18 These
include carbide burs, diamond burs, stones, coated abrasive discs and strips, polishing pastes, soft
or hard rubber cups, points, wheels impregnated with abrasive grits, as well as abrasiveimpregnated brushes and felt devices. Abrasives may consist of aluminum oxide, carbide
compounds, diamond abrasives, silicon dioxide, zirconium oxide, and zirconium silicate.32
Traditionally, after finishing with acrylic burs and abrasive stones, a polish for provisional
materials is obtained with water and fine wet pumice buff wheel, polishing paste, or liquid polish
that contains aluminum oxide particles.19 However, this method can remove too much surface
material, obliterate subtle anatomical detail, be messy, and require additional time. Alternative
polishing systems that are commonly used include silicone tips, rubber wheels, brushes, and
wheels with diamond paste.9, 47 Studies have shown that multiple-step polishing was superior to
one-step polishing in providing smoother restoration surfaces and preventing plaque, especially
when long-term usage are intended.23, 58, 62-64 The long-term performance of available polishing
methods is uncertain, and the choice of the ideal system remains controversial.20, 35
To produce optimal surface smoothness while addressing the problems associated with
conventional polishing methods, a multi-step system that combines popular polishing materials
was developed in recent years. The first step consists of polishing with the fine-grit gray Feather
Lite extra-oral polisher (PFL26HP; Brasseler). This polisher has gained significant popularity as
it allows greater control of shaping and polishing, while still maintaining the contours and
supplemental anatomy created by the fabrication process. According to the manufacturer’s data,
11

this polishing method is less time-consuming than the conventional protocol, and can be used for
PMMA, PEEK, bis-acryl, traditional acrylic, and porcelain/ceramic direct or indirect materials.
The Feather Lite polisher has a head size of 26 mm and a cutting length of 1.6 mm. It is used with
a straight handpiece at a speed of 4-10,000 RPM, which can be reduced by half (2-5,000 RPM) for
final polish.
The polishing can be subsequently enhanced with the goat hair chamois brush, with an additional
step using a cloth type wheel and composite paste. These components are commonly included in
polishing systems such as the one developed by the Dawson Academy. It has been reported that
the use of a polishing paste is ideal to final polish secondary anatomy or highly textured facial
surfaces without removing detail. Sen et al found that polishing pastes provided smoother surfaces
for both bis-acyl and acrylic resins8. The ET composite polishing paste (ETCP8M; Brasseler USA)
is a popular polishing paste impregnated with 8 micron-grit diamond and packed in convenient
syringes. The manufacturer has shown promising data with these polishers that “help the clinician
quickly and easily achieve the highest levels of surface smoothness and shine”.
Present study
Given the controversies regarding surface roughness of provisional materials and optimal
polishing method, the purpose of this present study was to evaluate the effect of different polishing
protocols on the surface topography and roughness of provisional and semi-permanent
prosthodontic materials using noncontact profilometry.
Definitions of additional parameters
In addition to the surface roughness (Ra) values, two additional parameters were considered in this
study.
Peak-to-Valley (PV):
Peak is the maximum distance between the center line and the highest peak point within the sample.
It represents the value of the highest data point. The valley measurement represents the maximum
depth between the center line and the lowest point within the sampled data; it is the value of the
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lower data point. The Peak-to-Valley (PV) value represents the distance between the highest and
lowest points within the sampled data area. PV is the worst case point-to-point error in the data set.
It compares the two most extreme points on the surface; thus, it is possible for two very different
surfaces to have the same PV value. Rmax value represents the maximum of the peak-to-valley
heights of the measured section.14
Root-mean-square (RMS):
The root-mean-square (RMS) is the deviation from the center line. This is a method of calculating
an average by squaring each value and then taking the square root of the mean. The RMS result is
the root-mean-square of surface figure error or transmitted error relative to a reference surface. It
is an area weighted statistic, which depicts the optical performance of the surface being measured
by using all the data in the calculation.
Equations and graphical representations of parameters measured in this study are shown in Table
1 below.
Table 1. Equations and graphical representations of parameters measured in this study
Ra

Mean

PV
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RMS

Materials studied
Three bis-acryl composite materials and one PMMA material were used in this study, as listed
below and depicted in Figure 1.
1. Luxatemp Ultra, an autopolymerizing bis-acryl provisional material
2. Luxacrown, an autopolymerizing bis-acryl composite semi-permanent material
3. LuxaCam Composite, a CAD/CAM composite block
4. Telio CAD, a CAD/CAM PMMA block
Figure 1. Images of provisional materials used

Luxatemp and LuxaCrown are automixed and autopolymerizing materials, while LuxaCam and
Telio CAD are CAD/CAM blocks.
Available physical properties of these materials are shown in Table 2. Additional information
regarding the materials are compiled in a separate document and will be provided if needed.
LuxaCam was discontinued after completion of this study.
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Table 2. Available physical properties of materials used

Flexural
strength
Flexural
modulus
Ball
indentation
hardness
Hardness

Water
sorption
Solubility in
water
Color
stability

Tensile
strength
Compressive
strength
Transverse
strength
Measured
exotherm
maximum

Luxatemp Ultra

LuxaCrown

127 MPa after 24
hours

154 MPa

LuxaCam
(Discontinued
product)

Telio CAD

130 ± 10 Mpa
3200 ± 300
Mpa
180 ± 5 Mpa

59 Barcol
hardness after 24
hours
10 μm/mm3

66 Barcol
hardness

190 ± 5 Vickers
hardness
< 28 μm/mm3
< 0.6 μm/mm3

1.8 DE00 color
change

Less than 1.8
DE00 color change

Good
52 Mpa after 24
hours
376 Mpa after 24
hours
100Mpa

Excellent-good

+ 11 °F at 3.7
min

+10 °F at 4.5 min

333 Mpa

39 °C/102 °F
temperature rise
during
polymerization

Mixing ratio
10:1 (volume)
(base/catalyst)

10:1 (volume)
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Fracture
toughness
Volumetric
wear
Modulus
(higher =
stiffer)
Polish
retention
(gloss reading
at 60°)
Radiopacity
(%
aluminum)

2.00 MPa * m0.5

3.8 GPa

0.32 mm3 after
120000 cycles
3.8 Gpa

Fair-poor (25)

Good-fair (43)

90%

90%

2. Objectives
This study evaluated the surface topography and roughness of an autopolymerizing bisacryl
provisional material (Luxatemp, DMG, Hamburg, Germany; group TEM), an autopolymerizing
semi-permanent composite material (LuxaCrown, DMG; group CRW), a CAD/CAM polymer
block with 70% silicate glass fillers (LuxaCam Composite, DMG; group CAM), and a polymethyl
methacrylate CAD/CAM block (Telio CAD, Ivoclar Vivadent, Schaan, Liechtenstein; group TEL)
when polished with 2-step and 3-step protocols, using noncontact profilometry and SEM imaging.
More specifically, the aims of this study included the following:
•

To determine if the type of material has an effect on the surface roughness and topography
after hand polishing
o To compare the polishability of PMMA and bis-acryl materials
o To assess if CAD/CAM materials are significantly smoother than automixed
materials

•

To evaluate if there a difference between the control, 2-step, and 3-step polishing protocols,
and determine which polishing method provides superior results in terms of surface
roughness and topography

16

Null hypotheses
The null hypotheses tested were that there is no difference in surface roughness and topography
with different materials or polishing techniques.
3. Materials and Methods
Sample preparation
Four provisional and semi-permanent provisional materials for crowns and fixed dental prostheses
were used in this study. Three of these materials were bis-acryl composite-based and one of them
was methacrylate resin-based.
A total of 36 specimens were prepared from an autopolymerized bisacryl provisional material
(Luxatemp Ultra, DMG, Hamburg, Germany; group TEM) (n = 9), a self-curing semi-permanent
composite material (LuxaCrown, DMG; group CRW) (n = 9), a CAD/CAM polymer block with
70% silicate glass fillers (LuxaCam Composite, DMG; group CAM) (n = 9), and a polymethyl
methacrylate resin block (Telio CAD, Ivoclar Vivadent, Schaan, Liechtenstein; group TEL) (n =
9) . These provisional materials are described in Table 3.
Table 3. Provisional materials used in this study
Product
Luxatemp
Ultra
(DMG,
Hamburg,
Germany)

Type
Automatically
mixed,
autopolymerized
nanoparticle
reinformed bisacryl resin
provisional
material

Composition
Glass filler in a matrix of
multifunctional methacrylates, catalysts,
stabilizers and additives. Total filler
content of 44 wt. %, corresponding to
25 vol. %. Filler size ranges from 0.02
to 1.5 μm.

Indications
Temporary crowns,
bridges, inlays,
onlays, partial
crowns, veneers,
long-term
temporaries

Component include thoxylated
bisphenol-A dimethacrylate, polyester,
urethane dimethacrylate (UDMA),
triethyleneglycol dimethacrylate
(TEGDMA), barium glass, and
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pyrogenic silica. The material is free of
methyl methacrylate.

LuxaCrown
(DMG,
Hamburg,
Germany)

Automatically
mixed
autopolymerized
composite-based
semipermanent/longterm material

Glass filler material in a matrix of
multifunctional methacrylates, catalysts,
stabilizers, and additives. Total filler
content of 46 wt.%, corresponding to 26
vol.%. Filler size ranges from 0.02 to
1.5 μm.
The material does not contain methyl
methacrylate. According to the
manufacturer, LuxaCrown is more
highly filled than Luxatemp Ultra to
provide greater longevity of up to 5
years.
30% highly networked polymer matrix
based on bisphenol A-glycidyl
methacrylate (Bis-GMA), urethane
dimethacrylate (UDMA), and butanediol
dimethacrylate. 70% strontium-aluminoborosilicate glass fillers. Average
particle diameter of 0.8 μm, and width
of 0.2 to 10.0 μm. Stabilizers and
pigments are also included.

LuxaCam
Composite
(DMG,
Hamburg,
Germany)

CAD/CAM
radiopaque
composite block

Telio CAD
(Ivoclar
Vivadent,
Liechtenstei
n)

CAD/CAM cross- 99.5 wt.% polymethyl methacrylate
linked polymethyl (PMMA), and <1.0 wt.% pigments.
methacrylate block

Semi-permanent
crowns and bridges
that are cemented
with a permanent or
temporary luting
cement

Table-tops, inlays
/onlays, veneers,
partial
crowns/crowns,
bridges

Long-term temporary
crowns and bridges
with up to two
connected pontics,
implant- supported
temporary hybrid
abutment crowns

A polyvinyl siloxane matrix was allowed to polymerize in a stainless steel container after full
seating of a Telio CAD block in the matrix. The block was subsequently removed and the matrix
was used as a mold for the automixed bisacryl materials. Self-curing Luxatemp and LuxaCrown
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materials were extruded from a syringe into the block shaped mold made of silicon matrix
according to the manufacturer’s instructions, while carefully avoiding bubble formation. A flat
cover was placed over the matrix to facilitate removal of excess, while compressing and shaping
the blocks until polymerization was completed. This ensured creation of flat and parallel surfaces.
The materials were then examined; irregularities at the borders were removed with a PMMA cutter
bur (H261PSQ.11.023; Brasseler USA) and VisionFlex Disc (943.11.100; Brasseler USA) using
a straight handpiece at 12,000 rpm. The resulting similarly shaped Luxatemp, LuxaCrown, Telio
CAD and LuxaCam blocks were then sectioned in specimens of 10 mm in length, 5 mm in width,
and 2 mm in thickness using a low speed precision sectioning saw (IsoMet, Buehler, USA).
9 rectangular specimens were obtained for each material, for a total of 36 specimens. The
specimens were designed with flat and parallel surfaces, to ensure appropriate reading using the
3D optical profiler. The power of the performed statistical test with alpha = 0.050 was 1.000
(100%). The samples were stored for 45 mins in a 37-degree Celsius water bath to ensure complete
polymerization and water sorption, while simulating initial service in the oral environment.
Finishing and polishing
A number was assigned to each sample. The 10mm x 5mm surfaces of each specimen were wetground with an automatic sanding/polishing machine (EcoMet Pro grinder-polisher system;
Buehler, USA) at 100 rpm for 20 seconds using a 320-grit silicon carbide abrasive paper (3M
ESPE, St. Paul, MN, USA), under cooling water. This allowed simulation of clinical finishing
procedure and standardization of initial surface smoothness.
After the finishing procedures, specimens of each material were randomized into the following 3
groups according to the polishing technique: control (unpolished), 2-step polishing method, 3-step
polishing method, as shown in Figure 2. The control group specimens were left unpolished after
finishing with carbide abrasive paper. The 2-step group was polished using a gray fine-grit Feather
Lite extra-oral polisher (PFL26HP; Brasseler USA) at 10,000 rpm for 120 seconds, and a stiff goat
hair with chamois white brush (10050022HP; Brasseler USA) at 8,000 rpm for 120 seconds. The
polishing method for the 3-step group included the addition of a felt cloth wheel buff (16222HP;
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Brasseler USA) and composite polishing paste (ETCP8M ET; Brasseler USA) at 8,000 rpm for
120 seconds.
One investigator polished all of the specimens. The polishing was performed in the same
orientation for all specimens using a straight handpiece. As much as possible, uniform strokes at
light and even pressure were maintained throughout the course of polishing. A timer was used to
ensure exact and replicable duration of polishing for all samples. The specific polishers used in
this study are shown in Tables 4 and 5. The 5mm x 10 mm surfaces of each rectangular flat
specimen were polished. While being polished, the samples were tracked in the same direction
along the 10 mm vertical surface while continuously moving the polisher from one side of the 5
mm horizontal surface to the other.
Figure 2. Polishing protocols used

Table 4. Two-step polishing
Step
1

Polisher
Gray polisher (Brasseler USA # PFL26FHP)

2

Goat hair chamois white stiff brush (Brasseler
USA # 10050022HP)

Image
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Table 5. Three-step polishing
Step
1

Polisher
Gray polisher
PFL26FHP)

Image

2

Goat hair chamois white stiff brush
(Brasseler USA # 10050022HP)

3

Felt cloth wheel buff (Brasseler USA #
16222HP) and composite paste (Brasseler
USA # ETCP8M)

(Brasseler

USA

#

Table 6 lists the total of 12 groups generated after randomly dividing specimens into the polishing
protocols investigated (n=3, total of 36 specimens).
Table 6. List of 12 groups generated after randomly dividing specimens into polishing protocols
Number Group name
1
Control group Luxatemp (n=3)
2

3

4

Polishing protocol
Unpolished

2-step
polishing
Luxatemp (n=3)

protocol Gray polisher (Brasseler USA # PFL26FHP),
goat-hair chamois white still brush (Brasseler USA
# 10050022HP)
3-step
polishing
protocol Gray polisher (Brasseler USA # PFL26FHP),
Luxatemp (n=3)
goat-hair chamois white still brush (Brasseler USA
# 10050022HP), felt cloth wheel buff (Brasseler
USA # 16222HP) with composite paste (Brasseler
USA # ETCP8M)
Control group LuxaCrown Unpolished
(n=3)

21

5

6

7
8

9

10
11

12

2-step
polishing
LuxaCrown (n=3)

protocol Gray polisher (Brasseler USA # PFL26FHP),
goat-hair chamois white still brush (Brasseler USA
# 10050022HP)
3-step
polishing
protocol Gray polisher (Brasseler USA # PFL26FHP),
LuxaCrown (n=3)
goat-hair chamois white still brush (Brasseler USA
# 10050022HP), felt cloth wheel buff (Brasseler
USA # 16222HP) with composite paste (Brasseler
USA # ETCP8M)
Control group LuxaCam (n=3) Unpolished
2-step
polishing
LuxaCam (n=3)

protocol Gray polisher (Brasseler USA # PFL26FHP),
goat-hair chamois white still brush (Brasseler USA
# 10050022HP)
3-step
polishing
protocol Gray polisher (Brasseler USA # PFL26FHP),
LuxaCam (n=3)
goat-hair chamois white still brush (Brasseler USA
# 10050022HP), felt cloth wheel buff (Brasseler
USA # 16222HP) with composite paste (Brasseler
USA # ETCP8M)
Control group Telio CAD (n=3) Unpolished
2-step polishing protocol Telio Gray polisher (Brasseler USA # PFL26FHP),
CAD (n=3)
goat-hair chamois white still brush (Brasseler USA
# 10050022HP)
3-step polishing protocol Telio Gray polisher (Brasseler USA # PFL26FHP),
CAD (n=3)
goat-hair chamois white still brush (Brasseler USA
# 10050022HP), felt cloth wheel buff (Brasseler
USA # 16222HP) with composite paste (Brasseler
USA # ETCP8M)

Storage and testing methods
After polishing, the specimens were rinsed under distilled water, and placed in an ultrasonic bath
for 10 minutes to allow further cleaning. All of the samples were then dried with oil-free air. Data
and images were obtained with a 3D optical profiler (NewView 7300; Zygo) and a scanning
electron microscope (SEM; Quanta 600 FEG ESEM; FEI Company).
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The arithmetic mean of surface roughness (Ra, in µm), peak-to-valley distance (PV, in nm), root
mean square (RMS, in nm) as well as other relevant values were recorded at 3 random sites (in the
middle and close to the sides) on each polished surface using a non-contact white light
interferometer with excellent precision and accuracy (NewView 7300; Zygo). All non-contact 3D
topography measurements in this study are nondestructive, with a vertical resolution of 0.1 nm.
The 20x objective and 1x zoom lens were used, with the “XYZ” mode.
Given that each of the 36 specimens has 2 polished surfaces, 6 data points were used per specimen,
for a total of 216 sets of data. Sample calculation was performed and the power analysis showed
that the sample size was sufficient for the study. The power of performed test with α = 0.0500 was
0.740 for material, 1.000 for polishing method, and 1.000 for material x polishing method.
The data were statistically analyzed, and computations were performed using a statistical software
(Sigma Stat 3.5, Systat Software. Inc, California). Ra, PV and RMS values were analyzed with
two-way analysis of variance (ANOVA) followed by the Holm-Sidak test (P<0.05) using the
complete set of control, 2-step and 3-step data. Material type, polishing techniques, and the
interactions between them were tested at a 0.05 level of significance. In addition, two-way
ANOVA and Holm-Sidak tests (P<0.05) were performed for direct comparison using the 2-step
and 3-step data for Ra values. The complete set of data for Ra and PV values was also analyzed
with one-way ANOVA followed by the Tukey’s test (P< 0.05) to reveal significant differences
between means. All statistical decisions were based on a 5% level of significance.
In addition to the quantitative evaluations, the surfaces of each specimen were examined under a
scanning electron microscope. Images were obtained for each specimen at 1000 x and 5000 x
magnifications. Profilometry surface images such as slope mag maps, oblique plots, surface maps,
3D models, surface profiles, and intensity maps were obtained for each of the 216 data points. The
combination of images obtained were used for a qualitative analysis of the surface topography and
roughness with each polishing method.
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4. Results
The Zygo optical profilometer was used to obtain surface measurements for 3 data points per
polished surface, for a total of 216 complete numerical and graphical data sets. The quantitative
data were computed in an Excel sheet and in the statistical analysis software. The qualitative
images allowed visualization of surface detail at a magnified level.
Mean Ra values
The Ra value was the parameter of focus in this study. As the most commonly used measurement
for surface roughness, it represents the arithmetic average of surface heights measured across a
surface. A smaller Ra value indicates a smoother surface with less surface roughness. The mean
±SD Ra values for each material after polishing with control, two-step and three-step protocols
were shown in Figure 3. The highest Ra value was found in the LuxaCrown control group (0.682
µm), and the lowest Ra value was found in the Luxatemp 3-step group (0.069 µm). Mean Ra values
for the provisional material and surface treatment technique combinations are shown in Figure 4
and Table 7. The standard deviations are graphically represented in Figure 3 and listed in Table 7.
Comparisons of the means to the 0.2 µm clinically acceptable Ra threshold are represented in
figure 4.
It is important to note that the Ra values for the 2-step and 3-step groups (0.069 µm to 0.124 µm)
were below the 0.2 µm clinically acceptable threshold level. The Ra values for control groups were
above the plaque accumulation threshold (0.049 µm to 0.682 µm).
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Figure 3. Mean surface roughness Ra values for each material with the control, 2-step and 3-step
protocols (error bars represent ± SD)

Figure 4. Mean surface roughness Ra values for each material in the control, 2-step, and 3-step
polishing groups
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Table 7. Mean Ra (µm) and standard deviation (SD) values according to materials and polishing
method
Polishing method

Average Ra

Luxatemp

LuxaCrown

LuxaCam

Telio CAD

Control

0.569 µm

0.609 µm

0.682 µm

0.496 µm

0.490 µm

SD 0.17

SD 0.166

SD 0.116

SD 0.106

0.124 µm

0.095 µm

0.114 µm

0.102 µm

SD 0.082

SD 0.045

SD 0.047

SD 0.047

0.069 µm

0.074

0.083 µm

0.111 µm

SD 0.030

SD 0.031

SD 0.052

SD 0.116

2-step polishing

3-step polishing

0.109 µm

0.084 µm

The group mean Ra values were highest in the control group (0.569 µm), followed by the 2-step
group (0.109 µm). Ra was lowest in the 3-step group (0.084 µm).
In Table 8, it can be noted that in the unpolished control group, the two CAD/CAM materials
LuxaCam and Telio CAD showed the lowest mean Ra values. After 2-step polishing, LuxaCrown
showed the lowest Ra value. With 3-step polishing, Luxatemp exhibited the smoothest surface.
Table 8. Smoothest surface material according to polishing method
Polishing method

Material with best polishing outcome

Control

Telio CAD (Average Ra = 0.490 µm), LuxaCam Composite
(Average Ra = 0.496 µm)

2 step polishing

LuxaCrown (Average Ra = 0.095 µm)

3 step polishing

Luxatemp (Average Ra = 0.069 µm)

The 3-step polishing resulted in lower Ra values compared to the control and 2-step polishing for
all materials except for Telio CAD, which showed a lower mean Ra value with 2-step polishing.
Interestingly, Telio CAD is also the only polymethylmethacrylate material in the study. Table 9
showed the polishing method that provides the smoothest surface for each material.
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Table 9. Polishing method that provides the smoothest surface for each material
Material

Polishing method with best polishing result

Luxatemp

3 step (Average Ra = 0.069µm)

LuxaCrown

3 step (Average Ra = 0.074 µm)

LuxaCam

3 step (Average Ra = 0.083 µm)

Telio CAD

2 step (Average Ra = 0.102 µm)

From the comparison between PMMA and bis-acryl materials in Table 10, it can be noted that the
PMMA material showed lower Ra values compared to the bis-acryl materials in the control
unpolished state, as well as after 2-step polishing. Bis-acryl materials exhibited lower Ra values
after 3-step polishing.
Table 10. Mean Ra values of PMMA material compared to bis-acryl materials
Polishing method

Mean Ra for PMMA material

Mean Ra for Bis-acryl Materials

Control

0.49 µm

0.596 µm

2-step polishing

0.102 µm

0.111 µm

3-step polishing

0.111 µm

0.075 µm

Furthermore, Table 11 demonstrated that CAD/CAM materials (LuxaCam and Telio CAD)
exhibited lower Ra values than conventional automix materials in the control and 2-step groups.
In the 3-step group, automixed materials showed lower Ra values.
Table 11. Mean Ra values of CAD/CAM materials compared to automixed materials
Polishing method

Mean Ra for CAD/CAM

Mean Ra for automixed

materials

materials

Control

0.493 µm

0.646 µm

2-step polishing

0.108 µm

0.110 µm

3-step polishing

0.097 µm

0.072 µm
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Statistical tests
As a key statistical test, Analysis of Variance (ANOVA) allows comparisons between groups of
data. The One-Way ANOVA and the Two-Way ANOVA are commonly used.
A one-way ANOVA is a hypothesis-based statistical test that compares the variance between
groups means of data within a sample while considering only one independent variable.
There are two possible hypotheses: the null hypothesis that there is no difference between the
groups and means, and the alternative hypothesis that there is a difference.
A two-way ANOVA is a hypothesis-based test that evaluates the effect of two independent
categorical variables on a dependent continuous variable. It also examines whether the two
independent variables affect each other to influence the dependent variable.

Statistical results
The ANOVA and statistical test results in the present study are described below.
Two-way ANOVA for Ra values– Direct comparison with 2-step and 3-step polishing data
A 2-way ANOVA test was first performed using the Ra data for 2-step and 3-step polishing groups.
All pairwise multiple comparison procedures were performed using the Holm-Sidak method with
an overall significant level of 0.05.
Polishing method and mean Ra: There was a statistically significant difference among the 2-step
and 3-step polishing methods (P = 0.018).
Type of material and mean Ra: There was no statistically significant difference (P = 0.490) among
the different materials. The difference in the mean Ra values was not great enough to exclude the
possibility that it is due to random sampling variability after allowing for the effects of differences
in polishing methods.
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Interaction between polishing method and type of material: The effect of different materials did
not depend on the polishing protocol. There was no statistically significant interaction between
materials and polishing method (P = 0.129).
Therefore, with direct comparison, the polishing protocol exhibited statistically significant
influence (P=0.018) on the surface roughness. The 3-step polishing method resulted in statistically
significantly lower Ra than the 2-step method for all materials except for Telio Cad, which showed
higher Ra values with 3-step polishing.
Two-Way ANOVA for Ra values – With control group
A two-way analysis of variance for Ra values was subsequently performed with a complete set of
216 data points including the control group. Material and polishing method were the independent
variables and the mean Ra was the dependent variable evaluated.
All pairwise multiple comparison procedures were performed using the Holm-Sidak method with
an overall significance level of 0.05.
The type of material did not have a statistically significant influence on the mean Ra values (P =
0.006). The polishing protocol exhibited a statistically significant effect on the mean Ra values
(P<0.001). The effect of different materials depended on the polishing method used, and there was
a statistically significant interaction between material type and polishing method (P<0.001).
The following power analysis results demonstrated that the sample size of 36 specimens and 216
data points was sufficient for the study:
Power of performed test with α = 0.0500 for material: 0.740
Power of performed test with α = 0.0500 for polishing method: 1.000
Power of performed test with α = 0.0500 for material x polishing method: 1.000
Table 12 shows comparisons between polishing methods within each group of material with
associated unadjusted P values
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Table 12. Comparisons between polishing methods within each group of material
Comparison

Unadjusted P

Statistical significance

Control vs 3-step

0.000

Yes

Control vs 2-step

0.000

Yes

2-step vs 3-step

0.074

No

Control vs 3-step

0.000

Yes

Control vs 2-step

0.000

Yes

2-step vs 3-step

0.514

No

Control vs 3-step

0.000

Yes

Control vs 2-step

0.000

Yes

2-step vs 3-step

0.339

No

Control vs 3-step

0.000

Yes

Control vs 2-step

0.000

Yes

2-step vs 3-step

0.727

No

Luxatemp

Luxacrown

LuxaCam

Telio Cad

It can be concluded that for all four materials studied, both the 2-step and 3-step polishing methods
resulted in statistically significantly lower values of surface roughness when compared with the
control group.
There was no statistically significant difference between the 2- and 3-step groups (p=0.074, 0.514,
0.339, and 0.727 for Luxatemp, LuxaCrown, LuxaCam, and Telio CAD, respectively) when
control group data was included. This may be due to the large difference in surface roughness
values between the control group and the polished groups.
Table 13 shows comparisons between materials within each group of polishing method with
associated unadjusted P values.
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Table 13. Comparisons between materials within each group of polishing method
Comparison

Unadjusted P

Statistical significance

Luxacrown vs Telio Cad

0.000

Yes

Luxacrown vs LuxaCam

0.000

Yes

Luxatemp vs Telio Cad

0.000

Yes

Luxatemp vs LuxaCam

0.000

Yes

Luxacrown vs Luxatemp

0.023

Yes

LuxaCam vs Telio Cad

0.858

No

Luxatemp vs Luxacrown

0.364

No

Luxatemp vs Telio Cad

0.470

No

LuxaCam vs Luxacrown

0.561

No

LuxaCam vs Telio Cad

0.695

No

Luxatemp vs LuxaCam

0.745

No

Telio Cad vs Luxacrown

0.843

No

Telio Cad vs Luxatemp

0.152

No

Telio Cad vs Luxacrown

0.229

No

Telio Cad vs LuxaCam

0.357

No

LuxaCam vs Luxatemp

0.621

No

LuxaCam vs Luxacrown

0.780

No

Luxacrown vs Luxatemp

0.832

No

Control

2-Step polishing

3-Step polishing

In the control group, materials exhibited statistically significant influence on the surface roughness
except for comparison between the two CAD/CAM blocks, LuxaCam and Telio CAD. These two
unpolished CAD/CAM materials showed similar Ra values that were significantly lower Ra values
than the automixed materials.
Within the 2-step and 3-step groups, comparison between pairs of materials did not reveal any
statistically significant difference. This suggests that after polishing, the type of material, whether
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CAD/CAM blocks or autopolymerized resins, PMMA or bis-acryl, did not have a significant
influence on the surface roughness values.
One-Way ANOVA for Ra values – With control group
All pairwise multiple comparison procedures were performed using the Tukey Test.
There was a statistically significant difference (P<0.001) in the mean values among the groups.
Statistically significant differences (P<0.050) were noted between all pairs of control vs. control,
control vs 2-step and control vs 3-step comparisons, except for the pairs of control LuxaCrown vs
control Luxatemp and control LuxaCam vs control Telio CAD. All comparisons between 2-step
vs 2-step, 3-step vs 3-step, and 2-step vs 3-step did not result in statistically significant differences
when control group data is included.
The power of the test with α = 0.0500 is 1.000.
One-Way ANOVA for PV values– With control group
Since the Peak-to-Valley (PV) value represents the distance between the highest and lowest points
within the sampled data area, the results for this parameter is not as useful as the Ra values in
reflecting the overall surface roughness of a material. Table 14 shows the mean PV values.
Table 14. Mean PV values
Group

Mean PV values (nm)

Control Luxatemp

6556.889

Control Luxacrown

6926.964

Control LuxaCam

5289.637

Control Telio Cad

5619.757

2-Step Luxatemp

2233.665

2-Step Luxacrown

2731.858

2-Step LuxaCam

1935.391
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2-Step Telio Cad

2728.070

3-Step Luxatemp

1945.333

3-Step Luxacrown

3476.244

3-Step LuxaCam

1481.274

3-Step Telio Cad

4378.060

It can be noted that in general, compared to the control group, the distance between the two most
extreme points on the surface of the materials significantly decreased with polishing. The PV
values increased for Luxacrown and Telio Cad with the 3-step polishing method compared to the
2-step polishing.
A one-way analysis of variance for PV values was performed with the complete set of 216 data
points including the control group. Pairwise multiple comparison procedures were performed
using the Tukey Test. A statistically significant difference was found (P = <0.001) in the mean
values among the polishing groups. The power of the performed test with α = 0.0500 is 1.000.
A statistically significant difference was present for all pairwise comparisons between control
groups and 2-step groups, as well as between control groups and 3-step groups, except between
control Telio Cad and 3-step Telio Cad, control Luxacam and 3-step Luxacrown, control Luxacam
and 3-step Telio Cad. No significant difference was found within the control groups, and between
the 2-step and 3-step groups except pairs of 3-Step Telio Cad with the following groups: 3-step
Luxacam, 2-step luxacam, 3-step luxatemp, 2-step luxatemp.

Figure 5 shows the ±SD mean peak-to-valley (PV) values for each material after polishing with
control, 2-step and 3-step protocols.
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Figure 5. Mean PV values for each material after polishing with control, 2-step and 3-step
protocols

Two-Way ANOVA for PV values– With control group
All pairwise multiple comparison procedures were completed using the Holm-Sidak method with
overall significance level of 0.05.
Statistically significant interaction was present between material and polishing method (P=0.009).
The type of material and polishing method significantly influenced the mean PV values (P<0.001).
For all materials, statistically significant differences were found between the control vs 2-step and
control vs 3-step groups. No statistically significant difference was found between the 2-step and
3-step groups.
For all comparisons between materials within each polishing method group, no statistically
significant difference was found except between the following pairs within the 3-step polishing
group: Telio Cad vs LuxaCam, Telio Cad vs Luxatemp, Luxacrown vs LuxaCam, and Luxacrown
vs Luxatemp.
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Two-Way ANOVA for RMS values– With control group
Figure 6 shows the mean root mean square (RMS) values with the control and polishing protocols.
Figure 6. Mean RMS values for each material after polishing with control, 2-step and 3-step
protocols

All pairwise multiple comparison procedures were completed using the Holm-Sidak method with
overall significance level of 0.05.
Polishing exhibited statistically significant influence on the mean RMS values (P<0.001). The type
of material did not demonstrate statistically significant influence on the mean RMS values
(P=0.002). Statistically significant interaction was present between the type of material and
polishing method (P<0.001).
The results of the power analysis are as follows:
Power of performed test with α = 0.0500 for material: 0.856
Power of performed test with α = 0.0500 for polishing method: 1.000
Power of performed test with α = 0.0500 for material x polishing method: 0.999
For all materials, statistically significant differences were found between the control vs 2-step and
control vs 3-step groups. No statistically significant difference was found between the 2-step and
3-step groups.
For all comparisons between materials within each polishing method group, no statistically
significant difference was found except between Telio Cad and LuxaCam within the control group.
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SEM and optical profilometry images
Representative scanning electron micrograph analysis images at 1000x and 5000x magnifications
of the Luxatemp, LuxaCrown, LuxaCam and Telio CAD material surfaces before and after two
and three-step polishing are shown in Figures 8 and 9. In all figures with SEM and profilometer
imaging, TEM represents Luxatemp, CRW represents Luxacrown, CAM represents LuxaCam, and
TEL represents Telio CAD.
For all materials, a smoother surface with less pitting and irregularities can be observed after 2step polishing when compared to the control. After 3-step polishing, bisacryl materials exhibited
a smoother surface while the PMMA material presented a rougher surface compared to 2-step
polishing.
Within each polishing group, surface roughness appeared different among materials in the control
group, and but not significantly different in the 2-step and 3-step group. In the control group, the
pairs of LuxaCam and Telio CAD presented similar surface roughness, while the surfaces of
Luxatemp and LuxaCrown resemble each other, with the former pair showing smoother surfaces.
Figure 8. Representative scanning electron micrograph analysis at 1000 x magnification

36

Figure 9. Representative scanning electron micrograph analysis at 5000 x magnification

The qualitative findings can be related to the chemical composition and filler characteristics in
each material. Summaries of available information for each material are listed below:
•

Luxatemp has a total glass filler volume of 44 wt. %, and 25 vol. % in a methacrylate
matrix, with filler size ranging from 0.02 to 1.5 μm.
o Components include catalysts, stabilizers, additives, UDMA, TEGDMA,
thoxylated bisphenol-A dimethacrylate, polyester, barium glass, and pyrogenic
silica. The material does not contain methyl methacrylate.

•

LuxaCrown has a total glass filler volume of 46 wt. %, and 26 vol. % in a methacrylate
matrix, with filler size ranging from 0.02 to 1.5 μm.
o According to the manufacturer, it is more highly filled than Luxatemp to provide
greater longevity of up to 5 years.

•

LuxaCam contains 70% strontium-alumino-borosilicate glass fillers embedded in 30%
highly networked polymer matrix. The fillers have an average particle diameter of 0.8 μm,
and width of 0.2 to 10.0 μm.
o The matrix is based on Bis-GMA, UDMA, butanediol dimethacrylate, with
stabilizers and pigments
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•

Telio Cad consists of 99.5 wt.% polymethyl methacrylate (PMMA), with <1.0 wt.%
pigments.

A significant difference between the PMMA and bis-acryl materials was the presence of filler
particles in the bis-acryl materials. The chemical composition and addition of fillers resulted in the
heterogeneity of the composite materials. The SEM images showed beads and exposed filler
particles on the surface of bis-acryl composite that became visible after matrix removal with
polishing. In contrast, the acrylic material (Telio CAD), appeared homogeneous.
Among the bis-acryl materials, the significantly higher amount of fillers in the LuxaCam material
can be visualized in the images of polished specimens. Fewer fillers can be observed in the
polished samples of Luxatemp and LuxaCrown. The fillers showed more uniform size in the
LuxaCam image, while Luxatemp and LuxaCrown presented fillers with greater variations in size.
LuxaCrown also had a slightly higher filler content and smaller resulting filler sizes compared to
Luxatemp, although this difference is not significant. These findings are in agreement with the
chemical data for each material.
Figures 10 to 14 showed representative surface topographies of the polished surfaces for each
material and polishing method obtained using the 3D optical profilometer. Among other types of
graphical representations obtained, the slope mag map, oblique plot, surface map, 3D model, and
surface profile images were selected. These images confirmed the quantitative findings. The full
set of images and data for all 216 data points will be provided if needed.
The surface topography varied depending on the polishing technique used. A more significant
surface alteration was noted in the control group, which presents deeper areas of depressions and
grooves, when compared to other polishing techniques. In this study, the mean Ra value was 0.569
µm for the control group, 0.109 µm for 2-step polishing, and 0.084 µm for the 3-step polishing.
Ra values decreased for all materials from 2-step to 3-step polishing, except for Telio Cad, which
increased from 0.102 to 0.111 µm. The differences between the control and 2-step, and control and
3-step were statistically significant (P<0.001). Statistically significant difference was found upon
direct comparison of 2-step and 3-step polishing (P<0.001). However, this difference was not
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statistically significant when the control group data was included (p=0.074, 0.514, 0.339, and
0.727 for Luxatemp, LuxaCrown, LuxaCam, and Telio CAD, respectively).
The differences between the control vs control groups, control vs 2-step groups, and control vs 3step groups are evident. From the profilometry images, the significant difference among the
materials in the control groups can also be observed, with Telio CAD and LuxaCam showing
smoother surfaces than Luxatemp and LuxaCrown. The profiles within the 2-step and 3-step
polishing groups varied, although roughness values (Ra) were similar within each group. 3-step
polishing appeared to result in smoother surfaces than 2-step polishing for all bis-acryl materials,
although the difference is less significant compared to differences with the control group. Telio
CAD was the only material that exhibited a rougher surface with 3-step polishing compared to 2step polishing.
From images of 3-step polishing, it can be noted that although not significant, Luxatemp presented
the smoothest surface, followed by LuxaCrown, LuxaCam, and Telio CAD.
Figure 10. Representative profilometry surface topographies: slope mag map
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Figure 11. Representative profilometry surface topographies: oblique plot

Figure 12. Representative profilometry surface topographies: surface map
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Figure 13. Representative profilometry surface topographies: 3D model

Figure 14. Representative profilometry surface topographies: surface profile
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5. Discussion
Ra values and clinically acceptable threshold
Among various reasons discussed previously, it is well known that a smooth and highly polished
surface reduces plaque formation and accumulation on provisional restorations, thereby reducing
the risk for caries formation and periodontal disease.10, 17, 22, 39, 56, 66, 67
Most studies employed a contact profilometer in obtaining surface roughness values. A strength
of our study is the use of non-contact optical profilometer in obtaining extremely accurate and
non-destructive measurements as well as surface topography images.
Ra is the most commonly used roughness parameter, and the only roughness parameter reported
by previous studies. This is justified by its general stability and insensitivity to peaks and valleys
that may be extreme. Ra values are more representative of surface roughness than other parameters,
such as PV, that are affected by differences in surface profile and spatial distributions of peaks and
valleys. Thus, the quantitative discussion of the present study will focus on the Ra values.
Based on the results of this present study, the null hypotheses were rejected. The surface roughness
and topography of provisional prosthodontic materials were significantly influenced by the
polishing technique. The type of provisional material influenced surface roughness in the control
group, but did not have a significant effect in the 2-step and 3-step groups. Significant interaction
was also found between material type and polishing technique.
Roughness values of provisional materials vary greatly in the literature, ranging from 0.14 to 1.98
µm for acrylic resins, and from 0.07 to 1.27 µm for bis-acryl resins.20 Some studies reported
smoother surfaces associated with acrylic resin, while others found lower roughness values in bisacryl resins. Among the same class of material, significant differences in surface roughness have
also been shown. For instance, Willems et al. determined that 30% of the 60 composite resins
tested had an Ra value below the threshold of 0.2 µm after polishing, the smoothest composites
had an Ra value of 0.07 µm (Heliosit, Vivadent), and the roughest composites exhibited an Ra
value of 1.56 µm (Litefil A, Shofu)53. These differences may be due to the different finishing and
instruments used to measure Ra values, as well as differences in material compositions. Table 15
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showed the evolution of the surface roughness of composite materials reported by various studies.
This table was obtained from Bollen’s extensive review of the literature on surface roughness.6
Among acrylic resins, Busscher et al54 reported that surface roughness values ranged from 0.03
µm to 0.75 µm depending on the polisher used. Table 16. Showed the evolution of the surface
roughness of acrylic resin6.
In the present study, mean Ra values ranged between 0.069 µm to 0.682 µm. These values were
below the 10 µm limit of clinical undetectability and acceptable polishing system reported by
Kaplan11, who investigated polishing of hybrid composites with different polishing systems. The
results in the present study were also lower than the Ra range of 0.7 to 1.44 µm reported by
Weitman34, in which plaque accumulation was observed on composite specimens. In addition, the
control group, which was finished but not polished, showed Ra values that are close to the 0.64
µm Ra of enamel-to-enamel contact areas reported by Willems59, who stated that this number may
serve as a guide for the intrinsic surface roughness of composites. These comparisons with
previous studies suggest that the surface roughness of materials obtained in the present study, both
in the control and polished states, are within acceptable ranges determined by previous studies,
justifying the selection of materials and polishers.
The review of literature revealed that Ra values above 0.2 µm facilitate biofilm retention on the
surface of provisional and definitive restorations, while also contributing to adsorption of color
particles (staining) and increasing material wear.20 Bollen concluded that the clinically acceptable
Ra value for a hard surface in the oral environment is 0.2 µm, above which an increase in plaque
accumulation occurs, and below which no further reduction in bacterial colonization could be
expected. 6, 15, 21 These findings establish a threshold Ra value to be targeted when polishing and
evaluating surface roughness of restorations.
This clinically relevant standard is critical, especially with prosthodontic or multidisciplinary
treatments, where long periods of service are often intended and necessary. As Borchers stated,
when provisional restorations are used for long periods, it is increasingly important to prevent
plaque accumulation, and more effective polishing becomes essential. 23
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In the present study, all polished groups showed average surface roughness (Ra) values below the
clinically acceptable threshold 0.2 µm for plaque retention, while the control group values were
above this threshold. These results demonstrate that the 2-step and 3-step polishing methods
investigated created clinically acceptable smooth-surface provisional restorations, and may also
be justified for long-term provisionalization.
Table 15. The evolution of surface roughness of composite materials6
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Table 16. The evolution of the surface roughness of acrylic resin

Statistical analysis was performed using the 216 sets of data obtained from 36 specimens. The
following power analysis results demonstrated that the sample size was sufficient for the study:
•

Power of performed test with α = 0.0500 for material: 0.740

•

Power of performed test with α = 0.0500 for polishing method: 1.000

•

Power of performed test with α = 0.0500 for material x polishing method: 1.000

Statistical results for Ra and interpretation
One-way ANOVA for Ra with control group
The results of the one-way ANOVA with the complete data set revealed statistically significant
differences between all pairs of control vs control, control vs 2-step, and control vs 3-step
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comparisons, except for the pairs of Luxatemp vs LuxaCrown, and LuxaCam vs Telio CAD in the
control group. All comparisons between 2-step vs 2-step, 2-step vs 3-step, and 3-step vs 3-step
did not result in statistically significant differences when control group data was included.
These results showed that both the 2-step and 3-step hand polishing techniques resulted in
statistically significantly smoother surfaces when compared to the control group. Furthermore, no
significant differences were found within and between the 2-step and 3-step groups when the
control group data was included.
Ra values differ significantly between automixed materials and CAD/CAM materials in the control
group. The unpolished CAD/CAM materials LuxaCam and Telio CAD, with a combined mean Ra
value of 0.493 µm, showed smoother surfaces compared to the unpolished automixed materials
Luxatemp and LuxaCrown, which had a combined mean Ra value of 0.646 µm. However, this
difference between materials is not statistically significant within the polished groups. Thus,
unpolished PMMA and bis-acryl CAD/CAM blocks have similar surface roughness, and are
smoother than unpolished automixed materials. However, once polished, whether the provisional
restoration is fabricated from a CAD/CAM block or automixed resin does not have a significant
effect on surface roughness.
Comparing PMMA and bis-acryl materials, the PMMA material showed lower mean Ra in the
control (0.49 µm) and 2-step (0.102 µm) groups, while the bis-acryl materials showed lower mean
Ra with the 3-step polishing (0.075 µm). However, there was no statistically significant difference
between these two classes of materials within the control, 2-step, and 3-step groups.
Two-way ANOVA for Ra with control group
Two-way ANOVA revealed a significant influence of polishing method (P<0.001), but not of
material type, on the mean Ra values. This is in agreement with Borcher’s study evaluating surface
quality achieved by polishing and varnishing fixed temporary restorations.23 A significant
interaction was noted between polishing method and type of material (P<0.001), suggesting
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different degrees of reaction of resin materials to respective polishing methods. This may be
associated with the differences in their compositions.
Within each material group, comparison between pairs of polishing methods revealed that both the
2-step and 3-step polishing methods resulted in statistically significantly different values of surface
roughness when compared with the control group. There was no statistically significant difference
between the 2- and 3-step groups (p=0.074, 0.514, 0.339, and 0.727 for Luxatemp, LuxaCrown,
LuxaCam, and Telio CAD, respectively).
Regarding comparisons between pairs of materials within each polishing method group, no
statistically significant difference was found within the 2-step and 3-step polishing groups. In the
control group, a statistically significant difference was present for all pairs of materials except for
the pair of CAD/CAM blocks, LuxaCam and Telio CAD. This is in agreement with the finding
that these two unpolished CAD/CAM blocks presented similar Ra values (0.496 µm for LuxaCam
and 0.49 µm for Telio CAD) that were significantly lower than those of the unpolished automixed
materials (0.609 µm for Luxatemp and 0.682 µm for LuxaCrown). As concluded with the oneway ANOVA results, the type of material did not have a significant influence on the surface
roughness values with the 2-step and 3-step polishing.
Two-way ANOVA for Ra – Direct comparison
In contrast to the statistical analysis results that include the control group data, direct comparison
of the 2-step and 3-step polishing methods revealed a statistically significant difference in Ra
values between the 2-step and 3-step polishing methods (P=0.018). The 3-step polishing method
resulted in statistically significantly lower Ra than the 2-step method for all materials except for
Telio CAD, which showed lower Ra values with 2-step polishing.
Although the mean Ra values for 2-step and 3-step polishing remain the same, these differences
were not statistically significant with the ANOVA results that include control group data as noted
previously. This may be due to the large difference in surface roughness values between the control
group and the polished groups, rendering the differences between the polished groups not
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statistically significant when control group data was included. In fact, the Ra values for all
unpolished materials were above the 0.2 µm threshold, while the Ra for all 2-step and 3-step
polishing were below this threshold.
With both direct comparison, no statistically significant difference (P=0.490) was found among
the different materials, which agreed with the analysis with the control group. However, there was
also no significant interaction between materials and polishing method (P=0.129) with direct
comparison.
Findings from quantitative data and comparison with previous studies
Comparison of Ra range with similar studies and possible explanations
In a study by Borchers, an average Ra value of 0.8 µm was found when samples were treated with
rubber polishers and varnishes. 23 In Sen’s study, the Ra values ranged between 0.50 and 1.33 µm.8
In an investigation performed by Garg et al, it was found that there were no significant differences
between the polishing techniques used, and that the smoothest surface was obtained against a mylar
matrix, with mean Ra values ranging from 0.64 µm to 1.21 µm.62 In another study by Koroglu et
al, all polished groups showed a surface roughness higher than the 0.2 µm plaque accumulation
threshold.1
In the present study, mean Ra values, ranging between 0.069 µm to 0.682 µm, were lower than
those obtained by Borchers, Sen, Garg, Koroglu and Kaplan. In addition all polished groups
showed surface roughness values lower than the 0.2 µm threshold, and statistically significantly
lower than the control groups. The lower Ra values in the present study may suggest use of superior
polishing methods, materials and equipment. For instance, in Sen’s study, two single-phase
protocols with aluminum oxide and diamond pastes were compared, while the present study
investigated multi-phase polishing protocols. Another factor that may have led to higher Ra values
in previous studies was the use of 2D contact profilometers, which according to Hooper et al,
caused loss of hard tissue of 0.5 µm.65 When comparisons to a 0.2 µm threshold are involved, the
surface characterization obtained by a non-contact, non-destructive, 3D optical profiler such as the
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Newview 7300 Zygo profilometer used in the present study may be more precise and accurate,
justifying the lower Ra values obtained. Nevertheless, it is challenging to compare the results
among studies, due to the variations in materials, filler size, chemical composition, polishing
techniques, testing methods, instruments selected, and type of profilometer used.
Main statistical findings
Statistical analyses were performed for Ra values both with and without the control group.
Statistically significant differences were present between the control and 2-step groups, and
between the control and 3-step groups. The difference between the 2-step and 3-step groups was
statistically significant upon direct comparison, but not significant when the control group data
was included. This may be due to the significantly higher Ra values in the control group, rendering
the differences between polished groups less significant. The mean Ra values were lowest with 3step polishing for all bis-acryl materials, and lowest with 2-step for the PMMA material.
Efficacy of 2-step and 3-step multiphase polishing protocols
Among different types of available polishers, both the 2-step and 3-step protocols selected in the
present study resulted in clinically acceptable and significantly smoother surfaces compared to the
control group. The efficacy of this multistage approach was supported by Bollen et al6, who found
that Ra values below 0.2 µm could only be achieved on composites or acrylic resins when
multistage procedures are involved. Additional studies have also shown that multiple-step
polishing was superior to one-step polishing in providing smoother restoration surfaces and
preventing plaque, especially when long-term usage are intended.23,
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Contemporary

protocols that have been recommended include use of silicone tips, rubber wheels, brushes, and
wheels with diamond paste.9, 47, 60 In Borchers’ study, the rubber polisher, which is similar to the
universal gray polisher used as first step in the present study, was found to provide smoother
surfaces compared to surface varnishes.23 In the present study, the ability of the multi-stage
protocol in providing smoother surfaces using a gray polisher, a goat hair chamois brush, and a
felt cloth wheel buff with composite paste was in agreement with the literature.
Lowest Ra values for bis-acryl materials with 3-step polishing
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The finding of lowest Ra values for bis-acryl materials with 3-step polishing were in agreement
with the findings of Tupinamba et al, 31 who reported that polishing with a goat hair brush and
diamond paste resulted in lower Ra values for bis-acrylic resins. Similar results were obtained in
the study by Rutkunas et al, 29 who reported that mechanical polishing with polishing paste is a
viable and beneficial technique leading to lower surface roughness, although they employed the
goat hair brush with pumice and water. Sen et al8 found that polishing pastes provided smoother
surfaces for both bis-acyl and acrylic resins, and that diamond pastes were superior to aluminum
oxide pastes.
Lowest Ra values for PMMA materials with 2-step polishing
The finding that Ra values were higher for PMMA materials after 3-step polishing compared to 2step polishing were supported by previous studies that showed increases in roughness of acrylic
resins after polishing. Loney et al55 showed that different polishing treatments of acrylic resin
resulted in a two-to five-fold increase in surface roughness. Verran investigated polishing with
number 400 emery paper, and reported a 10-fold increase in roughness.56 In Fard’s evaluation of
surface polish, an increased surface roughness with pumice was noted in all PMMA provisionals
tested compared with use of burs/disk.26 The pumice used in Fard’s study may have similar effects
as the polishing paste employed in the present study’s 3-step protocol. These studies support the
finding that for PMMA materials, a 2-step polishing may be preferred over the 3-step method with
regards to surface roughness. The difference between the bis-acryl and acrylic resin materials may
be associated with the fact that each material requires specific techniques to create the optimal
polish.26
Interpretation of statistical results with and without control group data
In general, the control unpolished group should be included and considered in interpretation of the
complete data. Studies indicated that sufficiently polished surfaces may be obtained when resins
are polymerized in contact with polyester matrix strips or rubbing with alcohol, suggesting that
subsequent polishing may be a potentially unnecessary procedure.20, 48, 49, 50 On the other hand,
many studies that emphasize on the importance of polishing have been discussed in this thesis. In
addition, the process of fabricating and finishing provisional restorations usually requires polishing
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due to incorporation of irregularities, adjustments, and removal of excess that may increase surface
roughness.
Thus, when it is not an option to leave restorations unpolished or when the smoothest surfaces are
required, the results of the statistical analysis that directly compared the 2-step and 3-step protocols
should be considered. In this situation, 3-step polishing provided significantly smoother surfaces
for bis-acryl materials, and 2-step polishing resulted in significantly smoother surfaces for acrylic
materials.
On the other hand, the 2-step polishing may be sufficient in instances such as the following: when
the surfaces of unpolished materials are generally smooth with relatively low Ra values (implying
that not polishing may be an option), when the provisionals are to be worn for a short period of
time, and when time, material and costs are limited rendering the 3-step polishing impractical or
impossible. The 2-step polishing may be justified in these situations, since the statistical results
that included control group data showed the following: 1) 2-step polishing resulted in surface Ra
values below the clinically acceptable threshold of 0.2 µm, and 2) 2-step polishing is not
significantly different from the 3-step polishing.
Therefore, depending on the specific clinical situation, and intended goals for the provisional
restorations, both the 2-step and 3-step polishing may be acceptable. 3-step polishing provided
smoother surfaces for bis-acryl materials and 2-step polishing provided smoother surfaces for
acrylic materials.
Comparison between materials and interpretation of the qualitative data
The SEM analyses and optical profiler surface topography images were consistent with the surface
roughness measurement results. The differences in the surface roughness may be visualized in
Figures 8-14.
Comparisons between bis-acryl and PMMA materials
With regards to the material types, Bollen stated that the impact of dental treatments on surface
roughness is material-dependent, and every dental material needs its own treatment modality to
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achieve a smooth surface.6 Ayuso-Montero et al24 reported that conventionally polished PMMA
resins showed the lowest surface roughness values compared to those of bis-acryl composite resin.
Sen et al also reported that methacrylate resin specimens showed smoother surfaces than bis-acryl
composite specimens for all surface preparations.8 Several additional studies such as the ones by
Haselton et al and Rutkunas et al, also found that the surfaces of methacrylate resins were smoother
compared with those of bis-acryl composite resins.8,

23, 25, 29

They related this finding to the

homogenous composition of acrylic resins and the heterogenous composition of bis-acryl
composite resins.40 Regardless of the surface polishing technique employed, the inherent chemistry
of the material, the resin matrix composition, as well as the existence, amount, size and distribution
of filler particles, may affect polishability and smoothness.23, 25, 27
In contrast, other studies such as the article by Tupinamba et al, have reported that bis-acrylic
resins exhibited significantly smoother surfaces than acrylic resins.31 It was stated that the more
accurate ratios of the automix system, ease of handling, and reduced polymerization shrinkage of
bis-acryl materials may have contributed to their lower surface roughness.51, 52
In the present study, the PMMA material (Telio CAD) was significantly smoother than bis-acryl
materials in the control group, but no statistically significant difference was found between
materials in the 2-step polishing and 3-step polishing. The mean Ra value of the PMMA material
was higher than the bis-acryl materials in the 3-step group. This is in agreement with findings of
Soares et al20, suggesting that the polishing obtained with each protocol is independent of the
material, and that it is attributed to the surface granulometry of the polishing material. To make
definitive conclusions regarding comparisons between bis-acryl and acrylic materials, additional
PMMA materials, such as conventional powder-liquid acrylic resins, may be included. Hand
mixing powder and liquid may generate bubbles and irregularities that are not apparent on the
surfaces of Telio CAD blocks.
Influence of fillers and material composition
The surface roughness and topography are affected by factors such as the specific composition of
the provisional material, chemical properties including the size and distribution of particles, type
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and degree of polymerization, filler content, trapped air, unreacted monomer, effectiveness of the
initiator system, and water sorption.28
The literature has shown that larger filler size and thus decreased amount of filler leads to greater
Ra values and surface irregularities. This was contrasted by the study of Aykent et al9, which
showed that composite materials with a relatively high proportion of inorganic fillers had the
highest surface roughness. Fillers typically consist of ceramic, silicon dioxide or glass. It was
reported that the polishing of filled resins caused a higher fracture of inorganic components on the
surface.71 Variation in the amount, type, and size of filler particles may be responsible for the
differences observed in the SEM images. In the control group SEM images at 5000x magnification
(Figure 9), it can be noted that Luxatemp and Luxacrown, with a filler content of 44 and 46 wt.%
respectively, showed lager fillers of various sizes. In comparison, LuxaCam, with a significantly
larger filler content of 70%, showed greater amount of fillers with more uniform sizes. As a PMMA
material, Telio Cad showed a homogeneous composition without fillers. Nevertheless, regardless
of the amount of fillers or chemical composition, the surface roughness did not differ significantly
among materials after 2-step and 3-step polishing.
In the 3-step polishing groups, Luxatemp showed the lowest Ra values. Smoother surfaces for
Luxatemp were also reported by Borchers et al after polishing various provisional materials.23
Despite the lack of information, it was specified that Luxatemp contained pyrogenic silica, which
were also used in microfilled composites with particles sizes of 0.05 to 0.1 μm. This may contribute
to Luxatemp’s relative smoothness.
The SEM images appeared to show beads extruding on the surfaces of bis-acryl materials after
removal of the matrix with polishing. This may be attributed to the fact that it was initially easier
for the polisher to remove the softer resin matrix than to remove fillers. However, it is important
to note that SEM images are 2D cross-sectional images, while surface roughness is a threedimensional parameter. Since the surfaces of the bis-acryl materials became smoother with
additional polishing, the polishers seemed to abrade filler particles and resin matrix equally.
In this study, the two unpolished CAD/CAM blocks LuxaCam Composite and Telio CAD showed
similar surface roughness of 0.496 µm and 0.490 µm, respectively. Both of these values are lower
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than the unpolished Ra values of the automixed Luxatemp and LuxaCrown materials (0.609 µm
and 0.608 µm, respectively), and the differences are statistically significant. The use of CAD/CAM
technology and prepolymerized blocks may reduce undesired problems such as polymerization
shrinkage, compared to automix or handmixed methods. Luxatemp and Luxacrown require
injection of automixed material through a serynge followed by autopolymerization. The
automixing and injection process may incorporate bubbles and irregularities. SEM analysis in this
study demonstrated initially greater porosity, irregularities, and air bubbles in the control
automixed specimens, compared to the CAD/CAM blocks (Figure 8 and 9). However, as shown
in these images, 2-step polishing produced smoother surfaces for all materials compared to the
control group, and the differences between materials become non significant. There was also no
significant difference between materials after 3-step polishing.
On an interesting note, according to published data, Luxatemp and LuxaCrown have similar
characteristics, compositions, handling, filler size and content. No significant differences in Ra
values were found, and the slight differences of 2 wt.% and 1 vol. % in filler content may not be
significant as shown in the SEM images. Further investigations may be needed to assess the factors
that justify classification of LuxaCrown as a semi-permanent material with up to 5 years of
longevity.
Limitations
As an in vitro study, the results may not fully represent the clinical situation.
One of the limitations of this research project was the fact that the polishing was performed by
hand. As a result, the forces and directions of polishing strokes may not be identical or evenly
standardized over the polished surfaces. To minimize the effects of this limitation, a single
investigator performed the polishing for all samples while carefully moving the polisher
continuously and evenly in the same orientation. Moreover, the use of flat samples allowed more
regular and even surfaces for the polishing procedures. In the clinical context when contoured
restorations are also hand-polished by the dentist, it is unlikely that polishing strokes are identical.
In order to further standardize the measurements in future studies, flat specimens may be fixated
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in the middle of cylinders using resin materials. The polishing may be completed with a straight
handpiece fixated to an apparatus that standardizes the pressure applied.
Also, the samples were immersed in a 37° Celsius water bath to allow polymerization and simulate
intraoral conditions. Finishing procedures were performed with 320-grit silicon carbide abrasive
papers prior to polishing to simulate clinical situations. Additional factors such as occlusal
parameters, systemic conditions, dietary, parafunctional, and oral hygiene habits are difficult to
standardize, but may be considered in future studies. For instance, in vitro studies may subject
samples to processes such as thermal cycling.
In this in vitro study, 3-step polishing produced smoother surfaces for all bis-acryl materials, and
2-step polishing produced smoother surfaces for the PMMA material. To evaluate whether these
differences in surface roughness are clinically significant will require controlled clinical studies.
Inclusion of powder-to-liquid PMMA may be considered in future studies for more definitive
comparisons between PMMA and bis-acryl materials.
Specific information regarding the materials, such as chemical compositions, matrix components,
fillers, particle sizes, solid loading, amount of cross-linking and water sorption cannot be obtained
or disclosed by manufacturers. This may limit interpretation of the results and images, as
association between surface quality with differences in materials would be difficult without
detailed information.
Furthermore, this study was performed on specimens with flat surfaces, which was necessary to
allow appropriate readings and measurements with the optical profilometer. However, in clinical
situations, the provisional restorations would have similar shapes as teeth, with irregular surfaces
and contours. However, as one of the very few studies involving optical profilometry, the results
in this study may still provide a valuable contribution to the existing literature.
Lastly, a review of the existing literature revealed wide methodological heterogeneity and potential
bias. These limitations make it challenging to objectively compare studies for conclusive
summarization. Most studies followed an in vitro design. To obtain evidence of greater clinical
relevance, well-designed in vivo studies would be necessary.
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Future directions
Studies have shown that surface smoothness affects bacterial adhesion, wear of opposing dentition,
and color stability of provisional materials. To add clinical relevance, subsequent studies may be
conducted to investigate the long-term effect of different polishing methods, surface roughness,
and free energy on bacterial adhesion, wear resistance, and optical properties. Additional materials
such as resin matrix ceramics or definitive restorative materials may also be included, as clinicians
may be more interested in the final restorations. Other polishing systems may also be considered.
6. Conclusions
The importance of surface smoothness on esthetics, reduction of bacterial adhesion, biofilm
accumulation and disease process involving hard and soft tissues is evident. Carefully polishing
provisional restorations is essential for successful treatment. The polishing method, rather than the
type of material used, significantly influences the surface smoothness.
Based on the results, the following conclusions can be drawn within the limits of this study:
1. The Ra surface roughness values were clinically acceptable and lower than the plaque
accumulation threshold (<0.20 μm) in all polished groups, but not in the control.
2. The mean surface roughness Ra values were 0.569 μm for the control group, 0.109 μm for
the 2-step polishing, and 0.084 μm for the 3-step polishing.
3. 3-step Luxatemp showed the lowest mean Ra value of 0.069 μm, and control LuxaCrown
showed the highest mean Ra value of 0.682 μm.
4. For all four materials studied, 2-step and 3-step polishing resulted in statistically
significantly lower Ra values when compared with the control group.
5. There was no statistically significant difference between the 2- and 3-step groups (p=0.074,
0.514, 0.339, and 0.727 for Luxatemp, LuxaCrown, LuxaCam, and Telio CAD,
respectively) when control group data was included.
6. However, direct comparison of the 2-step and 3-step protocols revealed statistically
significantly different Ra (P=0.018).
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7. 3-step polishing produced the lowest mean Ra for bis-acryl materials (Luxatemp,
LuxaCrown, LuxaCam). 2-step polishing produced the lowest mean Ra for the acrylic
material (Telio CAD).
8. The CAD/CAM blocks (Telio Cad and LuxaCam) showed statistically significantly lower
Ra values compared to the automixed bis-acryl materials (Luxatem and LuxaCrown) in the
unpolished state.
9. There is no statistically significant difference among the four types of materials (Luxatemp,
LuxaCrown, LuxaCam, and Telio CAD) in terms of surface roughness after polishing,
within the 2-step polishing group, and within the 3-step polishing groups.
10. The same results were confirmed with the scanning electron microscopic images as well
as images from the 3D optical profilometer used.
The Ra values in the control group were above the 0.2 µm clinically acceptable threshold and the
Ra values in the 2-step and 3-step groups were below this threshold. Statistically significant
differences in Ra were noted between the control and 2-step, and control and 3-step groups.
Statistically significant differences were noted with direct comparison of the 2-step and 3-step
polishing. With the addition of the control group, no statistically significant differences were found
between the 2-step and 3-step groups. The 3-step group resulted in lower Ra values for all bisacryl materials, and the 2-step group provided lower Ra values for the PMMA material.
Depending on the specific situation, both the 3-step and 2-step polishing may be clinically
acceptable. To obtain the smoothest surface, the 3-step protocol should be the recommended
polishing method for bis-acryl materials. For PMMA materials such as Telio CAD, the 2-step
protocol would provide a smoother surface.
Clinical implication
Based on these findings, the Ra values were clinically acceptable (<0.20 μm) in all groups except
the control. Polishing provisional and semi-permanent bis-acryl materials with a 3-step protocol
provides a smoother surface, which may further improve oral hygiene, function, esthetics, and
longevity. For PMMA materials such as Telio CAD, a 2-step protocol is recommended and
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sufficient to provide a smooth surface. To determine whether the results are clinically significant,
future clinical trials will be necessary.
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